Abstract: The possibility of using Bacillus flexus XJU-1 lipase in detergent preparations was studied. The enzyme was monomeric protein as confirmed by liquid chromatography-mass spectrometry and its molecular weight was 15.95 kDa. The lipase showed optimum activity at pH 10.0 and was 100% stable for 24 h at pH 10.0 and 11.0. It exhibited maximum activity at 70
Introduction
Lipases are hydrolases (EC 3.1.1.3) acting at oil-water interface when cleaving long-chain triglycerides into fatty acids and glycerol. They can also catalyse the synthesis of long-chain fatty acid esters from fatty acids and glycerol under certain conditions, like in the presence of a small amount of water (Chakraborty & Raj 2008) . Lipases are generally members of the serine hydrolases with the conserved pentapeptide Gly-X1-Ser-X2-Gly (where X1 = histidine and X2 = glutamic or aspartic acid). They therefore contain a Ser-His-Asp/Glu triad at the active site like serine proteases with nucleophilic serine residue essential for catalysis (Brady et al. 1990 ).
For discovering new lipases with better properties, enzyme purification and characterization are necessary (Saxena et al. 2003) . Many lipases from Bacillus species have been purified to homogeneity (Lesuisse et al. 1993; Sharma et al. 2002; Kambourova et al. 2003; Chakraborty & Raj 2008; Annamalai et al. 2011; Shariff et al. 2011; Bora & Bora 2012; Kumar et al. 2012; Sharma & Kanwar 2012; Lailaja & Chandrasekaran 2013) . Gupta et al. (2004) reported that the purification must be efficient, fast, allowing the continuous recovery of a product and cost effective. After precipitation step by ammonium sulphate or by organic solvent (e.g. acetone), the hydrophobic interaction chromatography is often used to totally purify the lipases since they possess a large hydrophobic region around the active site (Kordel et al. 1991; Sharma & Kanwar 2012) . However, other methods, such as gel filtration and ion exchange chromatography are also in use (Chakraborty & Raj 2008; Annamalai et al. 2011; Bora & Bora 2012; Kumar et al. 2012; Lailaja & Chandrasekaran 2013) . The lipases used in the commerce are often purified from bacteria and fungi as these microbial lipases have a better stability than plant or animal lipases (Ghosh et al. 1996) . When compared to fungal lipases, bacterial lipases are often utilized in various biotechnological applications because they are stable at higher alkaline pH, able to function at aqueous and non-aqueous phase, withstand high temperature and other harsh conditions (Ghosh et al. 1996; Saxena et al. 2003) .
Lipases to be used in the detergent formulation must work in strong alkaline conditions (pH 10-11), elevated temperatures (30-60
• C), withstand other ingredients, such as proteases, surfactants and oxidizing agents, and must digest fats of various compositions (Sharma et al. 2001) . Although thermostable enzymes are usually derived from thermophiles, they can also be obtained from mesophilic microorganisms (Sugihara et al. 1991; Sharma et al. 2002; Kambourova et al. 2003; Bora & Bora 2012; Kumar et al. 2012 , Sharma & Kanwar 2012 . The advantageous of using thermostable enzymes of microbial origin is that at elevated temperatures, they have faster reaction rates, improved stability, increased solubility, lower substrate viscosity, and problems related to contamination get reduced (Hasan et al. 2006) . The divalent cations like Ca 2+ stimulate lipolytic activity by forming the calcium salts of longchain fatty acids (Muraoka et al. 1982) . The activation of lipase activity by divalent cations have been reported for various Bacillus species (Lesuisse et al. 1993; Sharma et al. 2002; Kambourova et al. 2003; Chakraborty & Raj 2008; Annamalai et al. 2011) . Specific irreversible inhibitors directly interact with the amino acids in or around the active site and help in the identification of catalytic amino acids. Phenylmethylsulfonyl fluoride (PMSF) is a well-known serine inhibitor and was found to irreversibly inhibit the active site of alkaline lipases of different Bacillus species (Kambourova et al. 2003; Chakraborty & Raj 2008; Shariff et al. 2011) . Some lipases are non-specific and cleave randomly the triacylglycerides with long-chain fatty acids to give fatty acids and glycerol, while others have a preference for short-chain fatty acids (C2 to C10) or unsaturated fatty acids (Lesuisse et al. 1993; Ghosh et al. 1996) .
Biological detergents usually contain alkaline proteases, amylases, lipases and cellulases to improve detergency (Ito et al. 1998) . These detergent enzymes are biodegradable, non-toxic and leave no harmful compounds in the environment, their contribution to the biochemical oxygen demand in the waste stream is thus negligible since they are applied in a small amount (0.1-1%) (Posorske 1984) . They also save energy by decreasing the temperature in wash machine (Hasan et al. 2006) . Alkaline lipases are added to the detergents to dissolve fatty stains, such as fat-based sauces, butter, salad oils and soups (Hasan et al. 2010) . The products resulted from alkaline lipase action, i.e. di-and monoglycerides, fatty acids and glycerol are all more soluble than the original oils/fats. They are thus easily removed from fabrics (Hasan et al. 2006 (Hasan et al. , 2010 . Lipomax originated from Pseudomonas alcaligenes, Lumafast from Pseudomonas mendocina, Lipolase from the fungus Thermomyces lanuginosus and Aspergillus oryzae are some of the products available in the market as detergent lipases (Jaeger & Reetz 1998; Sharma et al. 2001) .
The hydrolytic lipases are principally used as detergent additives and constitute more than 32% (Sharma et al. 2001 )/60% (Hasan et al. 2006 ) of the total world lipase sales. There is thus a continuous demand of lipases with better properties destined for use in detergent formulation. Although many lipases of Bacillus species have been characterized (Sugihara et al. 1991; Sharma et al. 2002; Kambourova et al. 2003; Chakraborty & Raj 2008; Annamalai et al. 2011; Bora & Bora 2012; Kumar et al. 2012; Sharma & Kanwar 2012; Lailaja & Chandrasekaran 2013) , the alkaline lipase of Bacillus flexus has never been characterized and used in detergent preparations. The aims of the present study were to study the properties of the alkaline lipase of Bacillus flexus and its utilization as detergent additive.
Material and methods

Organism and growth conditions
The bacterial strain used in this study was isolated earlier from a potato grown field of Bangalore (Karnataka, India) and identified as Bacillus flexus XJU-1 based on morphological and microscopic characteristics and 16S rDNA sequence analysis. The bacterial cultivation was carried out in the optimized medium composed of 2% (v/v) refined cotton seed oil, 0.5% (v/v) Tween 80, 1.5% (w/v) yeast extract, 0.01% (w/v) NaCl, 0.3% (w/v) KH2PO4 and 0.04% (w/v) MgSO4 · 7H2O. The cultivation medium of an initial pH 11.0 was inoculated with 2% inoculum (v/v) and incubated in an orbital incubator (S150, Stuart, India) regulated at 100 rpm for 36 h at 37
• C. After the incubation period, the crude enzyme was obtained by broth centrifugation (REMI C-30 BL cooling centrifuge, India) at 10,000 rpm for 20 min at 4
• C (Niyonzima et al. 2013 ).
Lipolytic activity assay and protein estimation The procedure of Niyonzima et al. (2013) was followed to determine the enzyme activity. One unit of alkaline lipase corresponded to the amount of an enzyme necessary to produce one µmol of p-nitrophenol per min per mL under the test conditions. Bovine serum albumin was used to estimate the sample total protein content as per Lowry et al. (1951) .
Determination of molecular weight by liquid chromatography-mass spectrometry (LC-MS)
The extracellular crude enzyme was totally purified to homogeneity by acetone precipitation followed by the anion exchange chromatography with a DEAE-cellulose column. The apparent molecular weight, as quantified by sodium dodecyl sulphate (SDS), was about 16.1 kDa (Niyonzima et al. 2013 ). The LC-MS was also used to size the alkaline lipase and was done using an Agilent 1290 Infinity LC system coupled to an Agilent 6530 Q TOF with an Agilent Poroshell C18, 75×2.1 mm, 5 µm analytical column. 0.1% formic acid in water (A) and 90% acetonitrile in water with 0.1% formic acid (B) served as solvents for LC. Before MS analysis, 3% acetonitrile/water with 0.1% formic acid solution was utilized to dilute the lipase samples. The LC gradient started with 3% B and in 15 min it went up to 95% B and then returned back to 3% B by 16 min. Spectra were noted in positive ion and in profile mode. Data were acquired on standard (3200 m/z), 2 GHz, MS only mode, range 500-3200 m/z. Agilent Mass Hunter Qualitative Analysis software was used to analyse the data. The lipase masses were obtained by deconvoluting mass spectrum using the maximum entropy algorithm in Bioconfirm module. The molecular mass was determined by a minimum of five peaks well above the baseline.
Activity staining
Lipase activity staining was performed using olive oilRhodamine B-agar plate as per Kouker & Jaeger (1987) . The plates were prepared using agar (1.5%, w/v), fluorescent dye Rhodamine B (0.001%, w/v) and olive oil (1%, v/v). The holes of 3 mm diameter were made in the plate with a gel puncher. Twenty or 80 µL of purified enzyme was added and incubated overnight for 24 h at 37
• C. The lipolysis was indicated by the formation of an orange fluorescence after UV irradiation (WEALTEC, India) of the plate at 350 nm.
Effect of pH on activity and stability of the lipase The pH effect on the alkaline lipase activity profile was investigated in a pH range of 2.0-13.0 with 1.0 unit difference using various buffers [glycine-HCl buffer (pH 2.0, 3.0), acetate buffer (pH 4.0, 5.0), phosphate buffer (pH 6.0, 7.0) Tris-HCl buffer (pH 8.0, 9.0), carbonate buffer (pH 10.0) and glycine-NaOH buffer (pH 11.0, 12.0 and 13.0)] of 0.05 M strength. The alkaline lipase activity was determined as described earlier after pre-incubating the enzyme in the concerned buffer for 30 min at room temperature (30 ± 2
The stability of the purified alkaline lipase at pH 10.0, 11.0, and 12.0 was evaluated after mixing 0.3 mL of enzyme and 5.7 mL of the respective buffer at room temperature. From the mixture, 1 mL was sampled at 0 min, 30 min, 1 h, 2 h, 4 h and 24 h and the residual lipase activity was noted in terms of relative activity by taking initial activity as 100%. • C, 0.3 mL of enzyme and 5.7 mL of the buffer were incubated at the required temperature and the residual enzyme activity noted after 0 min, 30 min, 1 h, 2 h, 4 h and 24 h.
Effect of various metal ions on the lipase activity
The purified alkaline lipase was pre-incubated at room temperature (30 • C) with 10 mM cation for 30 min. The ions selected were Fe
and Na + . The relative alkaline lipase activity was evaluated as described earlier. The inhibition was considered as 0% when no metal ion added.
Effect of specific inhibitors on the lipase activity N-diazoacetylnorleucine methylester (DAN), N-bromosuccinimide (NBS), dithiothreitol (DTT), N-ethylmaleimide (NEM), sodium azide (NaN3), iodoacetamide (IAA), ethylenediaminetetraacetate (EDTA), phenylmethylsulphonylfluoride (PMSF), urea, tosyl-L-lysylchloromethyl ketone (TLCK) at 10 mM were used to investigate the amino acids present near or in the active site of enzyme. The 0.95 mL of the inhibitor under study was pre-incubated with 0.05 mL purified enzyme (30 mg/mL) for 30 min at room temperature. The lipolytic activity was recorded as mentioned above. The % of the initial activity was calculated with reference to the lipolytic activity without the supplements.
Substrate specificity of the lipase
The substrate specificity of the alkaline lipase was titrimetrically analyzed by Jansen (1983) method with slight changes. The substrates used were olive oil, cottonseed oil, coconut oil, gingelly oil, groundnut oil, and sunflower oil. The amount of 2.5 mL of concerned substrate, 2.5 g gum acacia and 50 mL of 0.1 M Tris-HCl buffer (pH 8.5) were mixed with a magnetic stirrer for 10 min to get homogeneous emulsion. The enzymatic reaction was started by the addition of 1 mL of lipase (50 mg/mL) to 10 mL of emulsion and stopped by the addition of 4 mL ethanol/acetone (1:1) after an incubation period of 30 min at 37
• C with shaking at 100 rpm. The produced fatty acids were titrated to an end point of pH 10.0 with 0.05 M NaOH solution after 2 drops of phenolphthalein addition. One mL of enzyme was denatured at 95
• C for 10 min and used for a blank titration. One lipolytic unit (U) of an alkaline lipase corresponded to the amount of enzyme which liberated 1 µmol of fatty acids per min per mL under the assay conditions.
Enzyme kinetic constants
The 0.05 mL of the purified alkaline lipase was incubated with 0.95 mL of the emulsion containing pnitrophenylpalmitate (pNPP) in the 0 to 1.5 mM range. Lineweaver-Burk plot was used to find kinetic parameters, i.e. Km and Vmax (Lineweaver & Burk 1934) .
Stability of the lipase in presence of surfactants, bleaches and oxidizing agents
The alkaline lipase of Bacillus flexus XJU-1 was evaluated for its suitability as detergent ingredient. Its stability against two different concentrations viz. 1 and 5% of surfactant (Tween-80, SDS, Triton X-100), bleach (NaClO) and oxidizing agent (H2O2) was checked. A pre-incubation at 60
• C for 30 min was performed after mixing 0.05 mL of enzyme (50 mg/mL) and 0.95 mL of the concerned compound. The residual alkaline lipase activity was quantified as mentioned before and was considered as 100 % when no agent was added.
Alkaline lipase stability during storage The storage stability of the alkaline lipase was studied by placing 2 mL of enzyme (50 mg/mL) in each Eppendorf and by storing at −20, 4, and 30
• C. The alkaline lipase activity was periodically assayed every 10 days for 40 days and expressed as percent initial activity taken as 100%.
Study of stability and compatibility of the lipase with local commercial powder detergents The compatibility of the alkaline lipase with local detergents was evaluated. Ariel, Tide plus, Rin, Super wheel and Henko were tested. Detergent solutions (0.7%, w/v) were prepared with tap water and any indigenous enzyme present in them was inactivated by heating in water bath at 100
• C for 10 min (Adinarayana et al. 2003; Cherif et al. 2011 ). An incubation was carried at 60
• C after mixing 0.3 mL of alkaline lipase (50 mg/mL) and 5.7 mL of detergent solution. The % of the initial activity was recorded at different periods for 24 h and was 100% when no detergent supplementation.
Washing test with the lipase
The olive oil stain was removed from a cotton cloth according to Gulati et al. (2005) with slight modifications. A cotton cloth was taken and cut into 8 × 8 cm pieces. Each cloth was spotted with 1 mL olive oil using a micropipette and dried at 80
• C overnight. The spotted pieces were then soaked in 4 different washing solutions for 20 min: tap water, tap water with alkaline lipase, detergent, and detergent with alkaline lipase. Fifty mg of the alkaline lipase was added to 10 mL of 0.7% (w/v) Ariel, Tide plus, Rin, Super wheel or Henko solution. The 0.01 M NaOH was used to titrate the liberated fatty acids.
Statistical analysis
The experiments to record lipolytic activity was carried out in triplicates. The differences between mean values were given by the one way analysis of variance (ANOVA) and Duncan's multiple range test at the 5% significance level using the SPSS statistical package.
Results and discussion
Determination of molecular weight by LC-MS
The alkaline lipase used in the present study was recently purified to homogeneity by acetone precipitation and anion exchange chromatography with a DEAEcellulose column with an apparent molecular weight of 16.1 kDa as determined by SDS-PAGE (Niyonzima et al. 2013) . Although SDS-PAGE is the most frequently used method to control the enzyme purification, the determination of the molecular weight must be confirmed by another method such as LC-MS. The deconvoluted mass spectrum of the alkaline lipase of Bacillus flexus is shown in Figure 1 . The protein showed a mass of 15.95 kDa, which correlated with the one from SDS-PAGE. A low molecular weight of 19 kDa was also recorded for alkaline lipase of Bacillus licheniformis (Sharma & Kanwar 2012) . The molecular weight of the most Bacillus lipases was reported to be in the range of 20-112 kDa (Sugihara et al. 1991) . In the present study, the fluorescent dye Rhodamine B was utilized to study the activity staining. The formation of an orange fluorescence halo indicated the olive oil hydrolysis by the alkaline lipase of Bacillus flexus (data not shown). Similarly, the lipases obtained from Pseudomonas aeruginosa and Staphylococcus aureus were able to hydrolyse olive oil and form orange fluorescence halos in the presence of Rhodamine B (Kouker & Jaeger 1987) . The formation of orange fluorescent compounds was due to the release of fatty acids on lipolysis that get complexed with the Rhodamine B (Hou & Johnston 1992) .
Effect of pH on activity and stability of the lipase A detergent enzyme must be stable at alkaline pH and at both low and high temperatures (Hasan et al. 2006) . The effect of pH on the activity of the alkaline lipase was studied in the range from 2.0 to 13.0. A bell-shaped curve was obtained with optimum activity at pH 10.0, although statistically at par with 11.0 and 12.0 (Fig. 2) . Similarly, the pH 10.0 was optimum for the alkaline lipases purified from various Bacillus species (Lesuisse et al. 1993; Bora & Kalita 2008; Bora & Bora 2012) . pH 8.0 and 9.0 were also optima for lipases of Bacillus species (Sharma et al. 2002; Chakraborty & Raj 2008 ; Anna- Shariff et al. 2011; Lailaja & Chandrasekaran 2013 ). An important lipolytic activity was seen in the alkaline region from pH 7.0 to 13.0 (Fig. 2) . Gupta et al. (2004) reported that the bacterial lipases had in general the maximum activity at pH higher than 7.0. Low activities were seen at low pH values. Indeed, when the pH environment changes, the solubility and the structural stability of the enzyme also change owing to the variation of the total net charge of the enzymes and the distribution of charges on their exterior surfaces. In addition, a significant lipolytic activity at alkaline pH is advantageous, since the fabric washing is generally conducted at alkaline pH, where most of the products resulted from oil stain digestion by the lipases are more soluble (Jurado et al. 2007; Hasan et al. 2010) .
The pH stability of the alkaline lipase was analysed at pH 10.0-12.0. The alkaline lipase of Bacillus flexus exhibited a remarkable stability and maintained its initial activity at pH 10.0 and 11.0 after 24 h. However, a loss of 25% initial activity was observed at pH 12.0 after overnight incubation (data not shown). The comparable stability was also seen for alkaline lipases of Bacillus species (Lesuisse et al. 1993; Annamalai et al. 2011; Bora & Bora 2012) . Low pH stability was also reported for some Bacillus species (Shariff et al. 2011; Kumar et al. 2012) . Mobarak-Qamsari et al. (2011) reported an alkaline lipase of Pseudomonas aeruginosa KM110 that was more stable in the 7.0-10.0 range and more than 65% of the initial activity was retained at pH 8.0 after 1 h at 30 • C. The alkaline lipase from Acinetobacter calcoaceticus 1-7 was also stable in the pH 4.0-10.0 range and maintained initial activity at pH 9 for 24 h at 40
• C (Wang et al. 2012) . The appreciable stability of the present enzyme at higher alkaline region suggested its application in detergent industries.
Effect of temperature on activity and stability of the lipase The production of enzymes stable and active in a broad range of temperature is necessary for enzymes to be used in the detergent industries (Bora & Bora 2012) . The effect of temperature on the activity of the alkaline lipase was studied. The enzyme exhibited an important lipolytic activity for all the temperatures anal- (Fig. 3) . Similarly, various alkaline lipases that are stable and active at high temperatures were also purified from mesophiles (Sugihara et al. 1991; • C was seen for the alkaline lipase of Acinetobacter calcoaceticus 1-7 (Wang et al. 2012 ). The present lipase can therefore work at any washing temperature and this will save electricity by washing at normal temperature and the whole process will be cost effective.
The thermal stability has been a desirable property for any enzyme, since most of industrial enzymes relatively function at elevated temperatures. After thermostability analysis, the alkaline lipase was more stable at 70
• C than at both 60
•
C and 80
• C, where a retention of enzyme initial activity was 83% against 80% and 70%, respectively after 24 h (data not shown). The alkaline lipases of Bacillus licheniformis (Annamalai et al. 2011) , Bacillus sp. L2 (Shariff et al. 2011) and Bacillus sp. LBN2 (Bora & Bora 2012) showed similar thermostability, but only for 1 h. The thermal stability in the range from 30
• C to 60
• C for 1-3 h was also reported for various Bacillus species (Sharma et al. 2002; Kumar et al. 2012; Sharma & Anwar 2012) . Lailaja & Chandrasekaran (2013) purified the alkaline lipase from Bacillus smithii BTMS 11 with more than 50% initial activity retention at 50
• C for 12 h. A retention of 90% initial activity at 40
• C for 60 h was observed for the alkaline lipase of Acinetobacter calcoaceticus 1-7 (Wang et al. 2012) . As much as 80% of the initial activity was recorded for the alkaline lipase of Pseudomonas aeruginosa KM110 for 3 h at 45 et al. 2011) . Therefore, the alkaline lipase of Bacillus flexus seems to exhibit a better stability than other reported mesophilic bacterial lipases, since a significant overnight retention of initial activity was observed. It is thus a candidate of choice for detergent applicability. The thermostability at elevated temperature (60 • C) for alkaline lipase of Bacillus sp. LBN2 was attributed to the presence of higher number of hydrogen bonds and salt bridges as well as the presence of polyamines in the lipase structure (Bora & Bora 2012) . The enhanced thermostability may also be ascribed to the inactivation of protease inhibitors at elevated temperatures.
Effect of various metal ions on the lipase activity
The different cations are required by various enzymes to maintain their active sites (Chakraborty & Raj 2008; Annamalai et al. 2011; Shariff et al. 2011; Bora & Bora 2012 (Sharma et al. 2002; Kambourova et al. 2003; Chakraborty & Raj 2008; Annamalai et al. 2011; Wang et al. 2012) . A significant inhibition (72%) of alkaline lipase of Bacillus licheniformis MTCC 6824 by 70 mM Hg 2+ was reported (Chakraborty & Raj 2008) . The alkaline lipases therefore behaved differently in the presence of metal ions and this was attributed to the variation in the solubility and the behaviour of the ionized fatty acids at polar-nonpolar interfaces caused by ions and also from the catalytic properties variation of the lipase (Lesuisse et al. 1993) . The activation of lipolytic activity by the ions of group IIa elements, like Ca 2+ ions, was ascribed to the removal of fatty acids (as insoluble salts) from the enzyme active site (Muraoka et al. 1982) .
Effect of specific inhibitors on the lipase activity
The effect of various group specific reagents on the lipase activity was assessed. PMSF, NaN 3 and urea did not affect the alkaline lipase activity (Table 1 ). In contrast to the majority of bacterial alkaline lipases (Brady et al. 1990; Lesuisse et al. 1993; Kambourova et al. 2003; Chakraborty & Raj 2008; Shariff et al. 2011) , the alkaline lipase of the present study may not have an essential serine residue. Similarly, the lipase of Bacillus subtilis 168 did not contain the essential serine in the active site. The PMSF either does not gain access or fit into the lipase active site (Kordel et al. 1991) . A marginal reduction in activity was seen for DTT, DAN, EDTA, NEM and IAA. A significant reduction of about 47% was only recorded for TLCK, while an almost complete inhibition was noted for NBS (Table 1 ). The tryptophan and histidine may play a vital role in the catalytic activity. Similarly, the tryptophan residue was essential for the catalytic reaction of a bacterial lipase (Schuepp et al. 1997) . A thiol group or a disulphide bond may not have any catalytic role, since the thiol binding agents/thiol inhibitors (IAA, NEM) or sulphhydryl reducing agents (DTT, DAN) did not have any effect on the lipolytic activity. Similarly, the free -SH and the S-S bridges were not present in the active site of the lipase of Staphylococcus aureus 226 (Muraoka et al. 1982) . Contrastingly, the extracellular lipase purified from the thermophilic Bacillus stearothermophilus MC 7 was inhibited by serine and thiol specific inhibitors (Kambourova et al. 2003 ). The present alkaline lipase was not a metalloprotein as no loss was seen with the chelating agent EDTA. Most of the lipases were not affected by EDTA (Sugihara et al. 1991) .
Substrate specificity of the lipase The natural substrates, i.e. olive oil, cottonseed oil, coconut oil, gingelly oil, groundnut oil, and sunflower oil were used to study the enzyme specificity. The enzyme was able to hydrolyse all the tested substrates with the highest activity towards olive and sunflower oils, moderate with groundnut, gingelly and cottonseed oils, and the lowest against coconut oil (Table 1 ). The al- kaline lipase of Bacillus flexus thus exhibited a broad substrate specificity. Similarly, the alkaline lipase of Bacillus sp. LBN2 was active towards groundnut and olive oils followed by sunflower, cottonseed and coconut oils (Bora & Bora 2012) . The alkaline lipase of Fusarium globulosum was more active towards corn and olive oils, followed by sunflower, coconut and groundnut oils, and then soybean oil and butter (Gulati et al. 2005) . The lipase of the present study was a true lipase since it hydrolysed oils with long-chain fatty acids. In contrast, the lipase of Bacillus stearothermophilus MC 7 possessed both lipolytic and esterase activities (Kambourova et al. 2003) . As the degree of unsaturation of oil/fatty acid increased, the activity of the alkaline lipase produced by Bacillus flexus also increased. Similarly, the activity of lipase of Bacillus sp. LBN2 was significant for high unsaturation (Bora & Bora 2012) . Since the alkaline lipase of Bacillus flexus has broad substrate specificity, it can be a potential hydrolytic agent in detergent formulations against a wide variety of oil stains.
Enzyme kinetic constants
Michaelis-Menten constants were determined in order to study the affinity of the alkaline lipase of Bacillus flexus towards pNPP. From a double reciprocal plot, K m and V max were calculated as 2.25 mM and 62.5 U/mL, respectively (Fig. 4) . Comparable K m of 1.83 mM (and a V max of 10 mM/L/min) was reported for lipase of Bacillus pumilus RK31 (Kumar et al. 2012) . With p-nitrophenyl butyrate as the substrate, the K m and V max recorded for the alkaline lipase of Bacillus smithii BTMS 11 were 0.1 mM and 100 U/mL, respectively (Lailaja & Chandrasekaran 2013) . The K m (and V max ) of the lipases of Bacillus stearothermophilus MC 7 and Bacillus licheniformis MTCC 6824 were calculated to be as 0.33 mM (and 188 µM/min/mg) (Kambourova et al. 2003) and 29 mM (and 0.64 mM/mg/min) (Chakraborty & Raj 2008) , respectively, with the substrate pNPP. Therefore, the alkaline lipase of Bacillus flexus has a higher affinity for its substrate as shown by a low K m .
Stability of the lipase in presence of surfactants, bleaches and oxidizing agents The anionic surfactant (SDS), nonionic surfactants (Tween 80 and Triton X-100), bleaching agent (NaClO) and oxidizing agent (H 2 O 2 ) were used to check if the alkaline lipase of Bacillus flexus was stable in the presence of these detergent components. At 1%, the lipolytic activity was not affected by H 2 O 2 , Tween 80 and Triton X-100; however, it was stimulated by NaClO and reduced by SDS. At 5% concentration, the lipase was not altered by any agent tested except for the SDS showing a reduction in activity of 18% (Fig. 5) . Similarly, a complete inhibition by 10% SDS was observed for the alkaline lipase purified from Bacillus sp. LBN2 and this was due to the changes of the enzyme active site conformation leading to improper enzyme folding, preventing enzyme binding (Bora & Bora 2012) . Likewise, Tween-80 had no effect on the lipolytic activity of the alkaline lipase of Bacillus licheniformis, however, SDS completely inhibited the activity, whereas Triton X-100 activated the enzyme activity at 10 mM (Annamalai et al. 2011) . Triton X-100 also enhanced the lipolytic ac- tivity of the alkaline lipase of Bacillus sp. LBN2 and this was ascribed to the decrease of the surface tension of the medium by this surface active agent that increased the contact frequency of the substrate and the enzyme active site (Bora & Bora 2012) . The alkaline lipase of Bacillus sp. DH4 was also not inhibited by Triton X-100, but it was significantly inhibited by SDS (Bora & Kalita 2008) . The stability of the present alkaline lipase in the presence of these agents suggested its use as a detergent component. A significant stability of the detergent lipases in the presence of surfactants was ascribed to the ability of these emulsifying agents to solubilize the lipolysis products, preventing their interfacial accumulation (Jurado et al. 2007 ).
Alkaline lipase stability during storage The stability during storage is a pre-requisite for enzymes to be commercially exploited. After storage stability analysis, the alkaline lipase of Bacillus flexus was 100% stable for the first 20 days, and retained 95, 93, and 91% of the initial lipolytic activity after 40 days at 4, 30, and −20
• C, respectively (Fig. 6) . Similarly, a retention in enzyme activity of 96% and 95% was seen at −4
• C and 32
• C, respectively, for the lipase produced by Bacillus licheniformis VSG1 (Sangeetha et al. 2010) . In contrast, a considerable loss of lipolytic activity was seen for alkaline lipases (LipA and LipB) of Thermosyntropha lipolytica during frozen storage at 0 and 4
• C (Salameh & Wiegel 2007) . The present alkaline lipase can be stored in the cold or at ambient temperature.
Study of stability and compatibility of the lipase with local commercial powder detergents Five local commercial powder detergents were used to assess the possibility of using the alkaline lipase of Bacillus flexus XJU-1 in detergent preparation. After 4 h at 60
• C, the lipase retained maximum initial activity in the presence of Ariel and Henko, whereas 2 h was only retained in Super wheel, Rin and Tide plus. After 24 h, a reduction in lipase activity of 5, 10, 12, 14, and 15% was noted for Arial, Henko, Tide plus, Rin and Super wheel, respectively (Fig. 7) . The maintenance of the initial activity of an alkaline lipase in the detergent can be attributed to the detergent ingredients that increase the accessibility of the lipase to the substrate by favouring the emulsification, maintaining the interfacial properties, and by solubilisation of the lipolysis prod- ucts (Jurado et al. 2007 ). The alkaline lipase purified from Bacillus sp. DH4 was also stable in various detergents (Bora & Kalita 2008) . A loss of less than 10% initial activity in Ariel, Surf, Ujala, Tide, Sunlight and Henko for 3 h at 50
• C was reported for the alkaline lipase of Bacillus smithi BTMS 11 (Lailaja & Chandrasekaran 2013) . The alkaline lipase of Staphylococcus sp. ESW maintained initial activity in Ariel and Axion, and retained more than 80% of the initial activity in Dixan and Nadhif for 1 h at 50
• C (Cherif et al. 2011 ). The present stability and compatibility makes the alkaline lipase of Bacillus flexus XJU-1 an ideal choice for detergent industry.
Washing test with the lipase Five local detergents were analysed for their efficiency in removing olive oil from cotton cloth with and without the alkaline lipase. An average of 5.6-fold increase in fatty acids released was recorded when the cloth was washed with the detergent-alkaline lipase mixture compared to the detergent wash alone (Table 2 ). A better olive oil stain removal was also noted when the lipase from Fusarium globulosum was added to Surf, Nirma and Wheel (Gulati et al. 2005) . A significant amounts of fatty acids were also liberated when the cotton clothes were washed with the alkaline lipase of Bacillus smithii BTMS 11 combined with the detergents (Lailaja & Chandrasekaran 2013) . The detergent stability correlated with the olive oil stain removal from cotton fabric (Fig. 7 and Table 2 ). The present lipase can thus be used as a detergent supplement for the removal of various oils/fats from fabrics.
Conclusions
In the present work, the alkaline lipase of Bacillus flexus XJU-1 was characterized and evaluated for oil stain removal. The lipase was found to be valuable for detergent applicability owing to its stability at a broad range of temperatures, alkaline pH, higher affinity for various oils, and a significant stability in surfactants, oxidizing agents and various local detergents. In addition, the lipase improved the washing capacity of local detergents in removing olive oil stain from the white cloth. The present lipase can thus be a better choice for lipolytic enzyme detergent preparation to remove the adsorbed various oils from clothes and other fabrics.
